Abstract. A case-control study was carried out to assess the risk factors associated with hepatitis C in patients infected with human immunodeficiency virus. One hundred eighteen patients tested positive for hepatitis C virus (HCV) and were included as cases, and 117 tested negative for HCV and were included as controls. Information was collected through a questionnaire. The risk factors that showed a significant association with co-infection by multivariate analysis were an age of 30-39 years (odds ratio 
INTRODUCTION
Patients infected with human immunodeficiency virus (HIV) have prevalence rates for infection with hepatitis C virus (HCV) higher than those in the general population. Different studies have shown that prevalence ranges from 11% to 90% in different parts of the world. [1] [2] [3] [4] [5] [6] [7] The prevalence of HCV in the HIV-positive population differs geographically because of the distribution of risk factors that determines its transmission. In Brazil, there are few data concerning patients seropositive for both HIV and HCV. However, this prevalence ranges from 17.7% to 53% in different studies. [8] [9] [10] Patients with parenteral transmission risk factors, intravenous drug users (IDUs), and recipients of blood and blood products show a higher prevalence of co-infection with HIV and HCV. 11 A decrease in the number of new cases of infection with HIV among IDUs has been observed in Brazil and other parts of the world. 12, 13 Another factor contributing to a lower incidence of co-infection with HIV and HCV is adequate control of parenteral transmission associated with transfusion of blood or its derivatives. However, the longer survival of HIVinfected patients as a result of the increased effectiveness of anti-retroviral treatments indicates that the prevalence of patients co-infected with HIV and HCV will continue to be high in the near future, with many of these patients being potential candidates for specific treatment of infection with HCV.
The large reservoir of individuals infected with HCV provides a source of transmission to others at risk. Riskmodifying educational programs have been shown to be effective in preventing HIV transmission and are likely to be useful for decreasing HCV transmission. There are few studies in the literature that carefully describe risk factors for transmission of HCV in the co-infected group of patients. There are descriptive studies, 3, 8 but few analytical studies showing the association between strength and magnitude of the effect of the various risk factors reported by patients (compared with controls).
The purpose of the present study was to better understand the possible association between different variables of exposure related to HCV transmission in patients co-infected with HIV.
PATIENTS AND METHODS
We conducted a case-control study with a similar proportion of controls and cases in which we analyzed data collected from individual interviews using a structured questionnaire, medical charts, and specific laboratory tests. The questionnaire contained questions about variables of exposure. To select these variables, we took into account the exposure factors of HCV transmission reported in the literature, the biologic plausibility of the possible associations, and availability of data. The variables selected for the study were grouped into different categories: demographic (sex and age), patient history (blood transfusion, surgery, acupuncture, tattooing, body piercing, handling of blood, and hospitalization), patient sexual behavior (sexual orientation, sexually transmitted diseases, number of sexual partners, anal intercourse [it was not asked if this was forced or receptive], and history of sexual partners), liver disease, HIV status, blood transfusion, use of intravenous drugs, and use of illicit drugs (intravenous or inhaled). The classification of these variables is shown in Tables 1-3. The enrolled patients were selected from those registered at the Casa da AIDS in Sao Paulo, Brazil, a specific ambulatory setting directed to HIV-infected patients and their sexual partners. Different tests are ordered for all patients during the first visit, including serology for hepatitis B virus (HBV) and HCV. The patients with a diagnosis of HCV infection are referred to the Study Group of Viral Hepatitis at the Casa da AIDS, which operates in the same building and is staffed by four physicians . From January 1999 to July 2001, 235 patients were invited to participate in the study. All patients had been diagnosed with HIV infection and showed negative test results for hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), or antibodies to hepatitis B core antigen (HBc).
The exclusion criterion used was any patient positive for HBsAg, HBeAg, or antibodies to HBc. We excluded individuals with evidence of serologic markers of current or previous infection with HBV because transmission of this virus is associated with many factors that are also associated with transmission of hepatitis C. infection or were positive for HCV by a nested polymerase chain reaction (112 patients) and were included in the study. These patients were selected in chronologic order of care provided by the Study Group of Viral Hepatitis at the Casa da AIDS as of January 1999 up to the total number of interviews required to complete the size of the sample. In July 2000, we selected patients to form the control group. Using the schedule of the Casa da AIDS, we selected all eligible patients and checked their test results for HBV and HCV. Patients who were negative for antibodies to HCV in at least two different tests and who showed negative results for HBsAg, HBeAg, and antibodies to HBc were selected as controls. The patients were then invited to come for an interview and 117 were selected as controls. Two trained physicians administered the questionnaire. The local Ethics Committee reviewed and approved the study. All patients who participated in the study signed an informed consent term. Serologic testing for HIV, HCV, and HBV was performed according to standard procedures using licensed assays.
For HIV, we used an enzyme immunosorbent assay (EIA) and two commercial enzyme-linked immunosorbent assays (Organon Technika, Tournault, Belgium and Embrabio, Sao Paulo, Brazil) for confirmation. Specimens testing positive on the EIA and those with discordant or indeterminate results were confirmed by Western blot analysis. For hepatitis B, we used an EIA to determine positivity for HbsAg, antibody to HBs, total antibody to HBc, HBeAg, and antibody to HBe. For hepatitis C, we used third-generation EIAs for antibodies to HCV. To test for the presence of HCV RNA, we used a nested polymerase chain reaction according to the method of Garson and others, 15, 16 except that 25 cycles at 94°C for 40 seconds and 55°C for 40 seconds were used.
To calculate the sample size, we considered the following parameters: a 95% confidence level, a test power ‫ס‬ 0.80, a prevalence of intravenous drug use in 20% of the HIVinfected patients, and an odds ratio (OR) between the case group and the control group concerning use of intravenous drugs ‫ס‬ 2.5. The prevalence of IDUs in the HIV-infected population was estimated based on the study of 27 units that provide health care to HIV-infected patients in the state of Sao Paulo, where 20% reported previous use of intravenous drugs. 17 We used this parameter as a population estimate for patients not infected with HCV. These parameters led to a sample size of 210 patients (105 in each group). Since we anticipated that patients might withdraw from the study, we included 10% additional patients. Therefore, the final sample size was 230 patients (115 patients in each group).
Analyses were carried out using Epi-Info 6.04b software (Centers for Disease Control and Prevention, Atlanta, GA). Co-infection with HIV and HCV was the dependent variable. The exposure variables selected for the study were the independent variables. We initially conducted an analysis of frequency distribution for each selected variable. To determine the number of sexual partners, we calculated the value closest to the median referring to the sum of sex partners in the control group during an individual's lifetime. On this basis, we assigned the number of partners to two categories: up to eight sexual partners during one's lifetime, and more than eight sexual partners. Only patients with more than eight sexual partners were considered to have been exposed. As shown in Table 2 , we analyzed patients with up to eight partners (including in this category those who reported eight partners) and patients with more than eight partners. We conducted univariate analysis to test the association of each variable and co-infection (chi-square test), and calculated the OR (Cornfield's method) and its estimated variation by the 95% confidence interval (CI). We used unconditional logistic regression with Stata software (Stata Corp., College Station, TX) for multivariate analyses that included the variables that had shown a level of significance < 0.20 for an association with co-infection in the univariate analysis. Final multivariate analysis also included also history variables: blood transfusion, surgery, acupuncture, body piercing, blood handling, and hospitalization. We excluded variables with a P value Ն 0.05. Tables 1-3 show that the variables sex (males), age (30-39 years old), tattooing, sexual orientation (heterosexual), anal intercourse, number of sexual partners (> 8), partner with liver disease, HIV+ partner (unknown), partner with a history of blood transfusion (yes or unknown), partner is an IDU (yes or unknown), patient is a user of inhaled drugs, and patient is an IDU were associated with a higher risk of co-infection with HCV and HIV. Table 4 shows the results of multivariate analysis (tattooing was excluded because it proved to be strongly associated with intravenous drug use and the latter was essential for the analysis). Each variable was simultaneously adjusted to the others. The independent risk factors 
RESULTS

DISCUSSION
The results of our study demonstrated that HCV infection was associated with inhaled illicit drugs, an age > 30 years old, and a history of anal intercourse. In addition, our results confirm that intravenous drug use was the most important risk factor associated with HCV infection, as also reported by others. 3, 18, 19 Our results confirm that sexual partners with risk factors for transmission of HCV were also associated with HCV infection. We expected the association between use of intravenous drugs and HCV infection. The use of illicit intravenous drugs is currently the main mechanism of HCV transmission and is quite common in the HIV-infected population. The present results also showed that the use of inhaled drugs was associated with co-infection. Transmission of HCV via intranasal entry during use of cocaine has been reported in the literature. 20, 21 The use of sharp instruments such as straws or straw-shaped money bills can cause mucosal bleeding in users. Thus, the transmission of the virus would occur through the friable and unprotected mucosal membrane of the drug users when sharing instruments. The lesions could have served as an entry for HCV, a fact that would explain the association of the events reported in our study.
With regard to the demographic variables, the association we observed with an age > 30 years old and HCV infection has also been reported in other regions of Brazil. 22, 23 It is interesting to point out that univariate analysis did not demonstrate an association of co-infection in patients > 50 years old. However, multivariate analysis demonstrated that the risk for co-infection increased with age beginning at 30 years, including patients > 50 years old. We were unable to determine the influence of any particular variable that would justify a modification of the importance of this risk factor after multivariate analysis. This probably occurred due to the sum of the confounding effects of other risk factors that are highly prevalent in the group 30-49 years old. Once these confounding effects were eliminated (by multivariate analysis), a higher risk (independent effect) appeared an age > 50 years old. Tattooing was strongly associated with HCV infection, but was not considered in the final analysis due to its strong association with intravenous drug use.
The importance of sexual activity in the transmission of HCV has not been well established and the results of different studies are controversial. 18, 24 Concerning sexual behaviorrelated variables, the final results of the logistic regression model showed that among the variables studied here, only anal intercourse (forced or receptive) remained associated with HCV infection. The association of the variable sexual orientation (heterosexual) with co-infection lost significance in the multivariate analysis. The same occurred with a variable number of sexual partners (> 8). Both variables were strongly associated with intravenous drug use, the highest strength association observed. Because of this, when adjusted to each other, only being an intravenous drug user continued to show significance. Other investigators have shown a correlation between anal intercourse and HCV infection. 25, 26 It is possible that infection with HCV, similar to HBV and HIV, through the anal mucosae is facilitated by the presence of traumatic genital ulcers or damage resulting from sexually transmitted diseases.
Upon the analysis of aspects related to sexual partners, we observed that a history of liver disease, blood transfusion, and intravenous drug use were risk factors for HCV infection. Other investigators analyzed HCV transmission among sexual partners and observed an association between HCV transmission and the presence of IDU index partners. 27, 28 There may be a number of mechanisms involved in HCV transmission between sexual partners, especially those who have habits that result in a high risk of virus transmission. Transmission could also result from exposure to unreported parenteral risk factors or from sharing certain personal items, such as toothbrushes or razors, which can result in accidental exposure to the partner's blood. However, it is not clear whether the sexual relationship per se would be involved in transmission of the virus.
Our sample consisted of a large number of intravenous or non-intravenous drug users. A number of studies have reported that the use of intravenous drugs or even inhaled drugs frequently leads to unprotected sexual practices. 29, 30 It is interesting to note that when a patient ignores the history of his or her sexual partner, the risk of co-infection is higher. These data apparently indicate a weak relationship of these factors, which may be affected by sexual behavior with multiple partners. Indeed, our group of patients was characterized by unprotected sexual practices with multiple partners, who in turn present their own risk factors, which tend to progressively increase the likelihood of transmitting HCV to each of the members involved in the relationship. Within this context, sexual transmission of HCV could be facilitated and assume an even greater epidemiologic importance if we compared our group to groups with less risky sexual practices. It is possible that the findings concerning the association between HCV and anal intercourse observed in our study is related to this type of sexual behavior in our specific population. Along the same lines of reasoning, the use of inhaled drugs could increase the likelihood of virus transmission.
Our study had some limitations. First, the information about risk factors was collected from individual interviews in a questionnaire that may vary in completeness and be more vulnerable to bias. An attempt was made to minimize recall bias by applying the same standardized questionnaire to cases and controls. Cases were as likely as controls to recall exposures potentially associated with HCV infection. Second, patients in the case group were selected among those referred for treatment at the hepatitis group of the Casa da AIDS. It is reasonable that these patients could be more symptomatic or that their abnormal laboratory results were more significant, since they all had been referred to our service. Thus, it is possible that the interviewed patients (who formed the case group of the study) represented a population of co-infected subjects with more severe manifestations of both infections. It is possible that the clinical evolution of the interviewed group was more accelerated than in asymptomatic patients who had not been referred to our service and, as a consequence, were not involved in the study. This could be a possible selection bias in our study. Third, the patients in the control group were not tested for HCV RNA to rule out occult infection by HCV in this population. Patients in the control group were selected after undergoing two third-generation immunoenzymatic tests for antibody to HCV that showed repeatedly negative results. Due to technical difficulties, we did not test for HCV RNA in all patients and case and controls. Occult infection with HCV may occur in HIV-infected patients, but it seems to be uncommon and is related to the level of immunosuppression in these patients. Its occurrence may be more frequent in situations of acute infection with HCV. 31, 32 However, it is possible that a patient selected for the control group had an occult HCV infection. We would like to add that among the 117 patients in the control group, only 13 had a CD4 cell count < 200 and only five patients had a CD4 cell count < 100. Thus, the possibility of having an occult HCV infection in the analyzed group was probably restricted to a very small group of patients.
